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B Hameii paSoTe 6 biji npoBe^eH aHajiH 3 cepjjemroH aKTHBHOCTH SpioxoHororo moji- 
mocKa Littorina littorea L., 1758 npn 3 apaxceHHH napTeHHTaMH TpeMaTO/jBi Himasthla 
elongata (Mehlis, 1831 ). Onmnne cep^enHon aKTHBHOCTH 3 apaxceHHBix mojijiiockob npo- 
abhjiocb, BO-nepBBix, b noBBimeHHOH aMnjiHTy/je 3 apenicTpHpoBaHHBix nneTH 3 MorpaMM 
h, BO-BToptix, b 6 ojiee bbicokhx noKa 3 aTejnix ^ncnepcHH nacTOTBi cepjjeHHBix coKpauje- 
HHH. nOJIO^CHTeJIBHBie HHOTponHBie H 3 MeHefflW paSoTBI CepOTa o 6 cy)KAaiOTCfl c tohkh 
3 peHM 6 ojiee bbicokoh ba 3 kocth reMOJiHM(j)Bi. BTopoe OTJiHnne MosceT yKa 3 BiBaTB Ha npn- 
cyTCTBHe TpeMaTO/jBi Kax CTpeccoBoro (jmKTopa. 

Kjuoueebie cjioea : Littorina littorea , TpeMaTO^Bi, Himasthla elongata , cep^emiafl aK- 
THBHOCTB, HaCTOTa Cep/jeHHBIX COKpameHHH. 


AHajiH3y napa3HT-xo3nHHHBix oTHomeHHH b cHCTeMe «mojijik>ckh— napTe- 
hhtbi TpeMaTOA» nocBmijeHo 3HaHHTeJibHoe hhcjio HccJieaoBaHHH: ot KJiaccH- 
necKHx Mop(J)OJioraHecKHx ao MOJieKyjiapHbix. rio^aBJiaiomee Sojibihuhctbo 
pa6oT BtmoJiHeHo Ha HecKOJitKHX MoaeJiLHLix oSteKTax — npecHOBo^Hbix 
Pulmonata H3 ceMehcTB Lymnaeidae h Planorbidae, 3apa)KeHHbix napTeHHTaMH 
TpeMaTOA ceMeiiCTB Fasciolidae, Echinostomatidae h Schistosomatidae, 3anac- 
Tyio Ha jiadopaTopHbix jihhhhx xcmeB (Dalton, 1999; Fried, Toledo, 2009; 
Toledo, Fried, 2011). Flo ApyrHM BH^aM b CHCTeMe mojijhock— napTeHHTbi 
HMeiOTcn JiHHib oTAeJibHbie HccJieAOBaroni. B ocodeHHocTH oto KacaeTcn Mop- 
CKHX MOJIJIIOCKOB. OCHOBHOe BHHMaHHe yZjeJHIJIOCb dHOXHMHHeCKHM, HMMyH- 
HbiM h noBe^eHHecKHM acneKTaM napa3HT-xo3HHHHbix OTHomeHHH (Cheng, 
1967; Moore, 2002; Loker 2010), b to BpeMH KaK 3KO(|>H3HOJiorHHecKHe nccjie- 


404 



A OBamra, HanpaBJieHHbie Ha ou,eHKy ypOBHfl MeTa6ojiH3Ma 3apa^ceHHbix h He3a- 
pa)KeHHbIX MOJTJTIOCKOB, BeCbMa HeMHOrOHHCJieHHbl. B OCHOBHOM HCnOJIb3yK)T- 
ca mctoahkh oilmen cKopoc™ noTpedjieHini KHCJiopo^a (Eeprep, 1976; Ara¬ 
kelova et al., 2004), ckopocth pocTa (Gorbushin, 1997; Mouritsen et al., 1999), 
ypOBHH CMepTHOcra (Huxham et al., 1993; Jokela et al., 1999). BbimeyKa- 
3aHHbie noAxoAfci CB^3aHbi c onpeAeJieHHbiMH TpyAHOcraMH. Hcnojib30BaHHe 
nepBoii mctoahkh bo3mo)kho tojibko b jiadopaTopHbix ycjiOBmix h CB^naHO co 
3HauHTejibHbiM CTpeccoM. ^pyrae TpedyiOT AJiHTejibHbix HadjnoAenHH, hto He 
BCerAa B03M0JKH0, B OCOdeHHOCTH B 3KCneAHU,HOHHbIX yCJIOBHJIX. 

B nocjieAHne Aec^rouieTHfl 6 biji pa3pa6oTaH h CTan aKTHBHO npuMeroiTbCfl 
MeTOA HeHHBa3HBHOH perHCTpaU,HH CepACHHOH aKTHBHOCTH 6eCn03B0H0HHbIX 

(Depledge, Andersen, 1990; Fedotov et al., 2000; XojiOAKeBHH h AP-, 2009). 
^aHHa^i MeTOAHKa 6buia c ycnexoM anpo6HpOBaHa b OKOcJjHBHOJiorHuecKHx ok- 
cnepHMeHTax npn oijeHKe bjihhhh^ KaK adHOTHuecKHx, TaK h 6hothhcckhx 
(J) aKTopoB Ha pa3JiHHHbie bhabi 6ecno3BOHOHHbix (Marshall, McQuaid, 1993, 
1994; Santini et al., 1999, 2000; Bakhmet et al., 2005, 2009, h AP-)- Bonee Toro, 
6bmo AOKa3aHo HajiHune noJioJKHTeJibHOH KopperanHH Me>KAy ypOBHeM no- 
Tpe6jieHHM KHCJiopOAa h uacTOTOH cepACHHbix coKpameHHH y mopckhx 6ecno3- 
BOHOHHbix (Marshall, McQuaid, 1994; Santini et al., 1999). OAemca ^ce cepAeu- 

HOH aKTHBHOCTH J MOJIJHOCKOB, 3apa)KeHHbIX TpeMaTOA^MH H C npHMeHCHHeM 
BbimeyKa3aHHoro mctoa^, ao HacToamero BpeMeHH He npoBOAHJiacb. 

B KauecTBe oSueKTa HCCJieAOBamni 6 buia BbidpaHa cncTeMa «6 pk)xohothh 
mojtjtiock Littorina littorea L., 1758 (Caenogastropoda: Littorinidae) — napTe- 
hhtbi Himasthla elongata (Mehlis, 1831) (Trematoda: Echinostomatidae)». 
L. littorea othochtca k MaccoBbiM h Handojiee H3y h eHHbiM npeACTaBHTejniM 
jiHTopajibHoii h BepxHeii cydjiHTopajibHoii 30 h dopeajibHbix h cydapKTHuecKHx 
MOpeil. B CBA3H C 3THM JIHTTOpHHbl aKTHBHO HCnOJIb3yK)TOI KaK MOACJIbHbie 
oSneKTH a™ npoBeAeHH5i ninpoKoro cneKTpa HCCJieAOBaHHH b pa3JiHHHbix 06 - 
jiacTux MopcKOH SnoJiorHH (Underwodd, 1979; Rolan-Alvarez et al., 2015, h 
AP-)- KpoMe toto, a^hhbih bha JiBjnieTCJi nepBbiM npoMe^KyrouHbiM xo3ahhom 
TpeMaTOAti H. elongata , OKa3biBaiomeH cymecTBeHHoe B03AeiiCTBHe Ha opra- 
hh3m MOJiJHOCKa-xo3HHHa (Lauckner, 1980; TopSyninH, 2000). TaKHM o6pa30M, 
njiaHHpoBajiocb oijeHHTb OTHOCHTejibHbiii ypoBeHb MeTa 6 ojiH 3 Ma 3apa^ceHHbix 
H CBoSoAHbIX OT HHBa3HH JIHTTOpHH no ypOBHK) CepAeHHOH aKTHBHOCTH MOJI¬ 
JHOCKOB. 


MATEPHAJI H METOflHKA 

HccjieAOBaroDi 6 bijih npoBeACHbi Ha BejiOMopcKOH dHOJiorHuecKOH CTaHu,HH 
SoojiorHuecKoro HHCTHTyTa PAH «mbic KapTem» (ry6a Hyna, KaHAajiaKm- 
ckhh 3ajiHB, Bejioe Mope). C6op mojijhockob L. littorea npOBOAHJica Ha jiHTOpa- 
jih b paiiOHe 6HOCTaHu,HH. Co6paHHbix mojijhockob b TeueHne cyTOK bbiacp>kh- 
BajiH b ycjiOBimx BJiajKHOH ocyuiKH, nocjie uero pacca)KHBajiH nooAHHOHKe b 
50-mji njiacTHKOBbie CTaKaHHHKH c mopckoh boaoh h BbicTaBjnuiH Ha coJiHeu- 
HbiH CBeT Ha 1 u. 3aTeM eMKocra npocMaTpHBajin no a CTepeoMHKpocKonoM 
MBC-10 h oTSnpajiH ocodeii, BbiAeJiHBninx ijepKapHH H. elongata. Bcero b 
padoTe 6buio HCnojib30BaHO 12 3apa^ceHHbix h 12 cbo6oahbix ot HHBa3HH oco- 
6eii L. littorea (BbicoTa paKOBHHbi 32.50 ± 1.38 mm, HiHpHHa paKOBHHbi 26.08 ± 
± 1.16, Bee BMecTe c paKOBHHoii 7.7 ± 0.5 r). 
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J\iin aKK jihm au,HH k jiadopaTopHbiM ycjiOBHflM mojijiiockob noMemajin Ha 
7 ^Heft b 20-jiHTpoBbie bkb apnyMbi c MopcKoii boaoh c nocTonmioH npoAyBKoii 
npH TeMnepaType 9 °C h hoctouhhom 0CBem;eHHH (3 JHOMHHecn,eHTHbie JiaMnbi 
MOHJHOCTbK) 72 Bt). KopMJieHHe He npOH3BOAHJIH. 

IlepeA HanajiOM onbiTa k jiHTTOpHHaM Ha paKOBHHbi 6buiH npHKJieeHbi a^t- 
hhkh CNY70 (Vishnay Semiconductors, PA, USA) b paiiOHe, cooTBeTCTByio- 
meM pacnojio^eHHK) nepmcapAa. npH otom yjnmcH Moran cbo6oaho nepeABH- 
raTbcn no noBepxHOcra cydcTpaTa. ^jhi perHCTpaijHH cepAenHOH aKTHBHOCTH 
Bcex mojijiiockob nepecajKHBajin b oahh 20-jihtpobbih aKBapnyM h nepe3 1 h 
H auHHajiH 3anHCb cepAeuHOH phtmhkh, KOTopyio ocymecTBjnuiH b TeneHHe 
3 mhh. 3aTeM pernCTpaunio noBTopmiH nepe3 6 h 12 h. 3KcnepHMeHT npoBO- 
Ahjih b TeueHHe 5 AHeii. ]IoKa3aTejiH nacTOTbi cepAenHbix coKpamemiH (HCC) 
paccuHTbiBajiH KaK cpe^Hee 3HaneHHe 3a oahh achb no TpeM TOHKaM. Amhjih- 
Ty^a cnrHajia HopMHpoBajiacb no caMOMy KpynHOMy noKa3aTejno y KajKAOH 
oco6h. PerHCTpaAHio cepAenHOH phtmhkh jihttophh ocymecTBJiiuiH npn no- 
mohjh nporpaMMHO-annapaTHoro KOMnjieKca <<Mhahji-7T>>, pa3pa6oTaHHoro 
Ha (^HaHKO-TexHHnecKOM (J)aKyjibTeTe ]IeTpo3aBOACKoro rocyAapCTBemioro 
yHHBepCHTeTa (HnaTOB h Ap-, 2015). JSjw noATBep)KACHHfl 3apa^ceHHH napTe- 
HHTaMH HJIH erO OTCyTCTBHH no OKOHHaHHH OKCnepHMeHTa Bee MOJIJIIOCKH 
SblJIH BCKpbITbl. 

CTaTHCTHnecKyio o6pa6oTKy nojiyneHHbix AaHHbix BbinojirouiH c ncnojib30- 
BaHneM nporpaMMbi Statistica 7.0. CpaBHemie HCC 3apa)KeHHbix h cTepnjib- 
HblX MOJIJIIOCKOB npOBOAHJIH npH nOMOIHH /-KpHTepH^ CTblOACHTa. CpaBHeHne 
AHcnepcHH noKa3aTejieH HCC ou,eHHBajiH no KpHTepmo Onmepa. IIoKasaTejiH 
HCC h aMnjiHTyAbi Ha rpatjiHKax npeACTaBJieHbi KaK M ± m, rAe «M» — cpeA- 
Hne 3HaneHim, «m» — cpeAmra apHt^MeTHnecKaii omndKa. 

PE3YJIbTATbI 

ripe^CAe Bcero, otmcthm BbicoKyio m OKHHAHBHAyajibHyio BapnadejibHOCTb 
noKa3aTejieii cepAenHOH aKTHBHO cth : HCC BapbnpoBajia ot 12 ao 24 cokp/mhh 
KaK y 3apa^ceHHbix, TaK h y cboSoahbix ot HHBa3HH mojijiiockob. ^HHaMHKa 
CepACHHOH PHTMHKH JIHTTOpHH xapaKTepH30BaJiaCb AOCTOBepHbIM nOHH^CeHH- 

eM Ha 2-e cyT onbiTa c nocjieAyiomHM OTcyTCTBneM H3MeHeHHH (pnc. 1). HCC 



Phc. 1. H3MeHeHHe HCC 3apa;»ceHHi>ix (7) h CTepnn&HMX (2) L. littorea b xo,qe 3KcnepHMeHTa. 
Fig. 1. The heart rate changes of infested (7) and noninfected (2) L. littorea during experiment. 
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Phc. 2. H3MeHeHne jjHcnepcHH noKa3aTenee TCC 3apa^ceHHBix (7) h CTepHJi&H&ix (2) L. littorea b 

xo,qe 3KcnepHMeHTa. 

Fig. 2. The variance changes of infested (7) and noninfected (2) L. littorea during experiment. 



Phc. 3. H3MeHeHHe aMnnHTyjjbi nneTH3MorpaMMti 3apaxceHHbix (7) h CTepHJibHbix (2) L. littorea b 

xojje 3KcnepHMeHTa. 

Fig. 3. The plethysmograms amplitude changes of infested (7) and noninfected (2) L. littorea during 

experiment. 


3apa^ceHHbix h CTepHJibHbix yjiHTOK He pa3JiHnajiacb Me^c^y co6oh. B to )Ke 
BpeMM y^aJIOCb BbDIBHTb 2 XapaKTepHbIX pa3JIHHHfl B Cep^enHOH aKTHBHOCTH 
3 thx AByx rpynn jihttophh. Bo-nepBbix, AHCnepCHii HCC CTepHJibHbix mojijiio- 
ckob ^ocTOBepHO noHH^cajiacb Ha npora^ceHHH 3KcnepHMeHTa (F = 5.64; N = 7; 
p < 0.05), TOiTja KaK otot ^ce noica3aTejib y 3apa^ceHHbix jihttophh H3MeHHJicn 
cna6o (F = 0.83; N = 7; p = 0.65) (pnc. 2). Bo-BTopbix, ecJin b KOHTpoJie 6buio 
OTMeneHO na^eHne aMnjiHTyAbi CHraajia k KOHi^y 3KcnepHMeHTa, to a™ 3apa- 
)KeHHbix MOJiJiiocKOB 6biJia noxa3aHa (JmyKTyaijHn moih;hocth coKpameHHH 6e3 
TeHAeHH,HH K KaK0My-JIH60 H3MeHeHHK) (pHC. 3). 

OBCY^KflEHHE 

FlapTeHHTbi H. elongata jioicajiH3yiOTCn b opraHH3Me MOJunocKa-xoanmia 
Me^y aojiumh renaTOnaHKpeaca, Bbi3biBan cymecTBeHHbie MexamniecKHe no- 
Bpe)KAeHiHi 3 toto opraHa: KaK 3a cneT CAaBJiHBaHini 6biCTpo pacTy ih,hmh peAH- 
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hmh, TaK h 3a cneT rHCTHO^arHH napTeHHT. KpoMe Toro, b paOoTe Lauckner 
(1980) 6biJia OTMeneHa nojiHan AecTpyKitmi roHa^bi xo3HHHa. TaKHM o6pa30M, 
npHcyTCTBHe napa3HTa aojhkho bjihutb Ha oOntee cocTomme opraHH3Ma jiht- 
TopHH h, no-BH^HMOMy, Ha cepAC^nyio aKTHBHOCTb yjiHTOK. K npHMepy, noKa- 
3aHO, hto y jihttophh, 3apa)KeHHbix napTeHHTaMH H. elongata , noBbimeHa koh- 
iteHTpaitnn reMOi^HTOB b reMOJiHMt^e (xora h He3pejibix) h cootbctctbchho 
yBejiHneH reMono33 (Gorbushin, Iakovleva, 2008). KpoMe Toro, noKa3aHO, hto 
y jiHTOpHH, 3apa)KeHHbix napTeHHTaMH Cryptocotyle lingua , o6beM reMOJiHM- 
4>bi noHH)KeH non™ BABoe (Jones, Kamel, 1984). BecbMa Bepo^nno, hto oto 
HMeeT MecTO h b HameM cjiynae. TaKHM o6pa30M, mojkho npeAnono^CHTb, hto 
HMeHHO c othm CBii3aHa 6ojiee BbicoKa^i aMnjiHTyAa njreTH3MorpaMM h coot- 
BeTCTBeHHO CHJia coKpam,eHH^ cepAita y 3apa^ceHHbix yjiHTOK, KOTOpbie bbi- 
Hy^KA^Hbi npoKanHBaTb reMOjnnvnjiy c noBbimeHHOH nnoTHOCTbio. FIojio)kh- 
TeJIbHblH HHOTpOnHblH XapaKTep H3MeHeHHH CepAeHHOH aKTHBHOCTH y paKO- 
o6pa3Hbix (Ha dpone OTcyT ctb h>i xpoHOTponHbix H3MeHeroiH) 6biJi OTMeneH npn 
AobaBJieHHH AonaMHHa (Yamagishi et al., 2004). Bo3mo)kho, hto napTeHHTbi 
BbiAejraioT KaKOH-nnOo cxoahbih MeTaSoJiHT, oAHaKO oto npeAnoJioJKeroie Tpe- 
6yeT AonojiHHTejibHoii npOBepKH, TaK KaK He HCKmoneHO, hto H3MeHemie aMn- 
JIHTyAbl CB5I3aHO C ABH)KeHHeM Tejia MOJIJIIOCKa H COOTBeTCTBeHHO H3MeHeHHeM 
nojio)KeHH^ cepAH,a no OTHomeHHio k AaTHHKy. 

^hro KacaeTCn HCC, to, k npHMepy, JIh h HeHr (Lee, Cheng, 1970, 1971) no- 
Ka3ajin pocT 3toto noKa3aTejra y MOJiJiiocKa Biomphalaria glabrata , 3apa)KeH- 
hoto napTeHHTaMH Schistosoma mansoni. B to )Ke BpeMfl b pa6oTe OpHA h 
Khm (Fried, Kim, 2003) cepAenHan aKTHBHO ctb y toto )Ke BHAa yjiHTOK, TaK^ce 
3apa)KeHHbix napTeHHTaMH S. mansoni , 6biJia noHH>KeHHOH. TaKHM o6pa30M, 
He 6bIJ10 BbIHBJieHO OAH03HaHHOH peaKH,HH CepACHHOH CHCTeMbI Ha 3apa)KeHHe. 
CjieAyeT otmcthtb, hto b BbimeyKa3aHHbix paOoTax Obijih HCnojib30BaHbi 3KC- 
nepnMeHTajibHo 3apa^ceHHbie mojijiiockh, coAep^carqne rpyrninpoBKH napTe¬ 
HHT B03pacTOM 50—70 AHeh. B Hameii 5Ke paSoTe Obijih HcnoJib30BaHbi cnoH- 
TaHHO 3apa^ceHHbie mojijiiockh, coAcp^camne 3pejibie rpynnHpoBKH napTeHHT 
H. elongata , B03pacT KOTopbix cocTaBjnui He MeHee oahoto toab. KpoMe toto, 
npoAOJDKHTejibHOCTb )kh3hh Biomphalaria glabrata He npeBbimaeT 1 roAa 
(Toledo, Fried, 2011), b to BpeMJi KaK cpeAHHH cpOK 3Kh3hh L. littorea coaraB- 
jmeT 6ojiee 10 jieT (Top6yniHH, 2000). Ilpn 3tom npoAOJHKHTejibHOCTb )kh3hh 
rpynnHpoBKH napTeHHT H. elongata cocTaBJineT MHHHMyM 5 JieT h, Bepoimiee 
Bcero, conocTaBHMa co cpoKOM jkh3hh xo3HHHa (Galaktionov et ah, 2015). 
rio-BHAHMOMy, B03ACHCTBne AOJiroJKHBynteH rpynnHpoBKH napTeHHT H. elon¬ 
gate Ha opraHH3M xo3flHHa He ctojib cymecTBeHHO, KaK b cjiynae kopotko>kh- 
Bymeii h aKTHBHO SKCmiyarapyioiiteH pecypcbi xo3HHHa rpynnHpoBKH napTe¬ 
HHT S. mansoni , hto h oOycjiOBJiHBaeT OTcyrcTBne pa3JiHHHH b HCC b HameM 
cjiynae. 

Elite oaho AOKa3aTeJibCTBO HajiHHHfl 3(^(^eKTa B03AeiicTBH5i napa3HTa Ha op- 
raHH3M xo3HHHa 3aKJiK)HaeTCH b noBbimeHHOH AncnepcHH noKa3aTejieii HCC y 
3apa)KeHHbIX MOJIJIIOCKOB. H3BeCTHO ? HTO POCT BHyTpHHHAHBHAyaJIBHOH Bapna- 
OejibHOCTH (J)H3HOJiorHHecKHx noKa3aTejieii paccMaTpHBaeTOi KaK noKa3aTejib 

CTpecca opraHH3Ma jkhbothbix (Leung, Forbes, 1996; Sukhotin et ah, 2003). 

TaKHM o6pa30M, npeAnojimKemie o cymecTBeHHOM bjihahhh TpeMaTOAti 
H. elongata Ha cepAeHHyio aKTHBHO ctb jihttophh noJiyHHJio nacraHHoe noA- 
TBepjKAeHne b Hameft paOoTe, ocHOBamioe Ha cymecTBeHHOM pa36poce no- 
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Ka3aTejieft HCC 3apa^ceHHbix mojijiiockob. H3MeHeHne mohjhocth cnrHana 
njieTH3MorpaMMM TpeSyeT ^ajitHeiimeii npoBepKH c npHMeHeimeM jjoJiroBpe- 
MeHHoii peracTpaijHH cepAenHOH hkthbh o cth yjihtok c napajuieJibHbiM mohh- 

TOpHHrOM nOBeAGHH^I 2KHBOTHBIX. 
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THE CHARACTERISTICS OF GASTROPOD LITTORINA LITTOREA L., 1758 
CARDIAC ACTIVITY UNDER EFFECT OF HIMASTHLA ELONGATA 
(MEHLIS, 1831) (TREMATODA: ECHINOSTOMATIDAE) INFESTATION 

I. N. Bakhmet, K. E. Nikolaev, D. A. Ekimov, A. A. Ipatov 
Key words : Littorina littorea , Trematoda, Himasthla elongata , cardiac activity, heart rate. 

SUMMARY 

The analysis of the common periwinkle Littorina littorea L. ? 1758 cardiac activity un¬ 
der infestation of trematode parthenitas Himasthla elongata (Mehlis, 1831) was percor- 
med. The differences in the heart function of infected mollusks included, on the first hand, 
a higher amplitude of plethysmograms, and, on the second hand, high-grade variance of 
heart rate. The positive inotropic effect of cardiac activity in infected L> littorea is discus¬ 
sed crom the point oc view of the higher viscosity of the hemolymph. The second differen¬ 
ce may point to trematodes as a stress-factor. 
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